Paleoenvironment and Lateral Extent of an Exposed Carbonate Build-up: Horry County, South Carolina by Raterink, Lisa A.
Wright State University 
CORE Scholar 
Browse all Theses and Dissertations Theses and Dissertations 
2008 
Paleoenvironment and Lateral Extent of an Exposed Carbonate 
Build-up: Horry County, South Carolina 
Lisa A. Raterink 
Wright State University 
Follow this and additional works at: https://corescholar.libraries.wright.edu/etd_all 
 Part of the Earth Sciences Commons, and the Environmental Sciences Commons 
Repository Citation 
Raterink, Lisa A., "Paleoenvironment and Lateral Extent of an Exposed Carbonate Build-up: Horry County, 
South Carolina" (2008). Browse all Theses and Dissertations. 861. 
https://corescholar.libraries.wright.edu/etd_all/861 
This Thesis is brought to you for free and open access by the Theses and Dissertations at CORE Scholar. It has 
been accepted for inclusion in Browse all Theses and Dissertations by an authorized administrator of CORE 









PALEOENVIRONMENT AND LATERAL EXTEND OF AN EXPOSED 







A thesis submitted in partial fulfillment 
of the requirements for the degree of 








LISA ANN RATERINK 
B.S., Grand Valley State University, 2006 



















WRIGHT STATE UNIVERSITY 
 
SCHOOL OF GRADUATE STUDIES 
August 26, 2008 
 
I HEREBY RECOMMEND THAT THE THESIS PREPARED UNDER MY 
SUPERVISION BY Lisa A. Raterink ENTITLED Paleoenvironment and Lateral Extent 
of an Exposed Carbonate Build-up: Horry County, South Carolina BE ACCEPTED IN 
PARTIAL FULFILLMENT OF THE REQUIREMENTS FOR THE DEGREE OF 
Master of Science. 
 
 
               _________________________________ 
        Charles Ciampaglio, Ph.D. 
        Thesis Director 
     
 
_________________________________ 
        Allen Burton Ph.D.  








 Charles Ciampaglio, Ph.D. 









 Ernest Hauser, Ph.D. 




 Joseph F. Thomas, Jr., Ph.D. 









Raterink, Lisa Ann. M.S., Department of Earth and Environmental Sciences, Wright 
State University, 2008.  Paleoenvironment and Lateral Extent of an Exposed Carbonate 
Build-up: Horry County, South Carolina. 
 
 
A carbonate build-up exposed in the Intracoastal Waterway in Horry County, 
South Carolina is estimated to be Pleistocene to Pliocene in age.  The carbonate build-up 
discontinuously spans approximately 12 kilometers of the waterway.  Prominent 
formations in the area consist of the Waccamaw and the Canepatch Formation.  A distinct 
sand layer is present laterally between the build-up and the excavated waterway bank, 
which consists primarily of well preserved fossil molluscs and echinoderms.   
Field observations show that the carbonate build-up is bluish-gray in color and 
composed of shell fragments, predominantly mollusc, in a mud matrix.  Thin sections 
analyzed, using a petrographic microscope, revealed sparry calcite, calcite fibers and 
dolomite.  The origin of cementation of the build-up is determined to be from 
seawater/freshwater mixing as well as meteoric diagenesis.  The fossil analysis of the 
thin-sections exposed fossils other than mollusc, such as echinoderms, pelecypods, 
foraminifera and bryozoans.  Many of the fossils show evidence of micritic envelopes as 
well as micritic filled grains.   
The Ca/Mg ratio, using atomic absorption, ranged from 17:1 to 28:1.  This ratio 
can is similar to other recent fine calcareous sand and silt.  Also this range is an 
indication of a slightly dolomitic limestone composition.  Isotopic data was collected to 
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provide corroboration of the depositional environment inferred by the Mg/Ca ratio and 
thin-section analysis.  The oxygen values are used to infer the temperature and salinity 
during the time of deposition.  A paleo-temperature range of 13.5°C to 14.5°C with a 
paleo-salinity of 35‰ was determined from the oxygen isotope data indicating a cool to 
temperate depositional environment.     
The weight percentage of carbonate grains versus siliciclastic grains was also 
used to aid in determining the paleoenvironment.  A percentage of approximately 53-65% 
carbonate grains were determined by dissolving a sample of the carbonate build-up in 8 
M nitric acid.  A general trend of decreasing carbonate content can be seen in the samples 
collected further south down the waterway.   The siliciclastic sediment was added by 
mixing with sand from longshore currents as well as from river sediment entering near 
the sample site.   
The carbonate build-up underwent diagenesis hardening the build-up thus 
resulting in a coquina.  The coquina present here may correlate with the Anastasia 
Formation in Florida, the Neuse Formation in North Carolina or the Socastee Formation 
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The Intracoastal Waterway is a commercial and recreational waterway that 
comprises bays, sounds, rivers, inlets and man-made canals; it runs from Boston, 
Massachusetts, to Key West, Florida.  In Horry County, South Carolina (Figure 1), an 
exposed sedimentary feature was discovered in the Intracoastal Waterway during low 
tide.  Observation of this exposure has led to the finding of a previously undocumented 
carbonate build-up.  Limited research has been conducted along the waterway to identify 
and/or map the existence of this build-up.   
The focus area of this research is located along the Atlantic Intracoastal Waterway 
(AIWW) near North Myrtle, South Carolina (Figure 2).  Here the waterway is 
approximately 27 meters wide and 3.6 meters deep (Parkman, 1983). The research area 
for this thesis covers approximately 15 kilometers of the waterway.  The carbonate build-
up outcrops along both sides of the waterway (Figure 3).  Along the waterway the build-


















































































































































































































































The carbonate build-up at the site area is believed to have been exposed by the 
development of the Intracoastal Waterway in the 1930s.  Formations along the 
Intracoastal Waterway in Horry County have been mapped as the Waccamaw Formation 
and the overlying Canepatch Formation (DuBar, 1974; DuBar, 1987).  Using the 
surrounding formations the age of the carbonate build-up has been estimated to be 
Pliocene to Pleistocene (DuBar, 1971).  Additionally, a distinct sand layer, consisting 
primarily of fossil molluscs and echinoderms is observable at the main site laterally 
between the build-up and the excavated wall of the waterway.   
Since the 1950s, the stratigraphy of the area has primarily been investigated by 
Jules R. DuBar (1959, 1969, 1971, 1974 and 1987).  The two prominent stratigraphic 
formations documented by DuBar (1971) near the carbonate build-up include the 
Waccamaw and the Canepatch Formations. The Waccamaw Formation consists of 
predominantly fossiliferous marine deposits.  It is composed of unconsolidated sandy 
marls, argillaceous marls, and sand; some calcareous marls as well as hard limestones 
(DuBar, 1959).  The Canepatch Formation uncomformably overlies the Waccamaw 
Formation (DuBar, 1974).  The formation consists of sand, clay, silt and peat deposits 
(DuBar, 1987).  Soller (1991) discovered outcrops of the Canepatch in central and 
southern South Carolina; however, he only found it in the subsurface in North Carolina 
and northern South Carolina.  The formation is also referred to as the Talbot Formation in 
some literature (Soller, 1991). 
This research will focus on the identification of the build-up.  Specifically, the 
goals of this research will attempt to determine the depositional environment and lateral 
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extent of the build-up.  Development of this research will help form the foundation from 








2.1 Atlantic Intracoastal Waterway 
 
  By the end of the 18
th
 century, settlers needed a way to connect cities for 
improved commerce along the east coast.  A canal was proposed and planning was set 
into motion in 1793 to link Albemarle Sound in South Carolina to the Chesapeake Bay in 
Maryland (Parkman, 1983).  By 1804, construction of the canal had begun with the 
purpose of also connecting the Chesapeake Bay to the Delaware Bay (Parkman, 1983).  
When private funds for canal construction were depleted, state and federal funds were 
requested for support. 
In 1808, the U.S. Secretary of the Treasury initiated the proposal for the Atlantic 
Intracoastal Waterway and by 1812 the construction of the waterway began in North 
Carolina to connect with the ongoing construction on South Carolina and Maryland 
(Parkman, 1983).  By the late 1830s ships could travel from Connecticut to North 
Carolina via the Intracoastal Waterway (Parkman, 1983).  In 1819, South Carolina 
became involved in the construction of canals with the establishment of the Board of 
Public Works (Parkman, 1983).  By 1825, three major canals were built to allow small 
boats to travel the South Carolina coast from Cambridge to Charleston (Parkman, 1983).  
However, these existing canals were not connected to the Intracoastal Waterway until 
1930 (Parkman, 1983).  Construction of the waterway was completed in the form of 
several projects and took over a century to fully complete (Parkman, 1983).  The 
construction of the Intracoastal Waterway was finally completed in 1939.  The resulting 
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man-made canal stretches along the east coast from Connecticut to Florida (Parkman, 
1983).  However, many improvement projects such as deepening and widening the 
waterway extended well beyond the completion through the 1970s (Parkman, 1983).  The 
canal channels of the Intracoastal Waterway averages approximately 3.6 meters deep and 
27 meters in width (Parkman, 1983).   
Construction of the Intracoastal Waterway in South Carolina excavated the 
Waccamaw River to a depth of 9 meters allowing it to become part of the waterway 
(Parkman, 1983).  A section of land between the North Carolina state line and the 
Waccamaw River was excavated to approximately 4 meters.  The main research site is 
located along this cut.  Excavation of the Intracoastal Waterway is responsible for 
exposing the previously unobserved carbonate build-up along portions of the waterway at 
the research site.  
 
2.2 Regional Geologic Setting  
The Intracoastal Waterway in Horry County, South Carolina exposes formations 
from the Late Cretaceous to the Late Pleistocene age (Table 1, Figure 5).   
Table 1: Shows the approximate age of the formations found near the 
Intracoastal Waterway in Horry County, South Carolina  
Period Epoch Formation  
Quaternary 
Late Pleistocene Socastee Formation 
Late Pleistocene Canepatch Formation 
Middle to Late Pleistocene Waccamaw Formation 
Neogene Pliocene 
Bear Bluff Formation / 
Goose Creek Formation 
Cretaceous Late Cretaceous Pee Dee Formation 
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2.2.1 Cretaceous 
The Peedee Formation is at the base of the bedrock in the area; it was named by 
Ruffin (1843) for the exposures along the Great Peedee River.  It consists of 0 to 264 
meters of finely micaceous dark green to gray glauconitic and argillitic sands (Ruffin, 
1843).   The Peedee Formation is overlain by Neogene and/or Quaternary sediments 
(Ruffin, 1843).  
 
2.2.2 Neogene 
The Neogene-aged sediments include the Goose Creek Formation (formerly the Bear 
Bluff) and the Waccamaw Formation.  The Bear Bluff Formation was named by DuBar 
(1969) it consists of fossiliferous coarse-grained calcareous sand and limestones  
approximately 3 to 45 meters thick.  Research pertaining to the Bear Bluff Formation was 
later abandoned by Campbell (1992) when, based on faunal assemblages, it was 
determined to be the same formation as the Goose Creek.  The Waccamaw Formation 
forms a belt that runs parallel to the coast in North and South Carolina (Siple, 1957).  
This formation is typically 3-10 meters in thickness (DuBar, 1987; Siple, 1957).  Early 
exploration of the Waccamaw Formation by Siple (1957) suggested the formation is late 
Miocene to Pliocene in age due to the presence of the echinoderm Encope macrophora.  
After further analysis by DuBar (1987), with the use of additional fossil assemblages the 
Waccamaw Formation was dated to be Early (1.8 to 0.78 Ma) to Middle Pleistocene 
(0.78 – 0.13 Ma).  The depositional environment was determined to be that of a bay 
margin to shallow, inner shelf environmental setting.  The Waccamaw Formation is 
treated as a time-stratigraphic unit since the identification has been based on faunal 
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assemblages (DuBar, 1971).  However, Mabry and Thayer (2001) have recently 
performed an amino acid racemization dating method on samples taken from the 
Waccamaw Formation, which yielded an age of Late Pleistocene (130,000 to 10,000 
ybp).   
 
2.2.3 Quaternary 
The Quaternary sediments include the Canepatch Formation, Socastee Formation and 
most recently the Waccamaw Formation.  The Canepatch overlies the Waccamaw by an 
unconformity (DuBar, 1971).  Radiocarbon dating of cypress wood and the fossil 
assemblages present in the Canepatch Formation indicate an age of >36,000 years B.P. 
(i.e. middle to late Pleistocene), with depositional environments representing a low-
salinity lagoon or bay (DuBar, 1987).  This approximate age is also supported by the 
amino acid racemization dating method performed by Mabry and Thayer (2001) resulting 
in an age of Late Pleistocene.  Average thickness of the Canepatch is approximately 9 
meters with a maximum thickness of 23 meters (DuBar, 1971).  Many fossils are present 
in the formation, including: Septastraea crassa (Holmes), a colonial coral, and 
Mercenaria campecheinsis (Gmelin) a pelecypod (DuBar, 1971).  The Socastee 
Formation named by DuBar (1974) for outcrops near the Socastee Swamp 
unconformably overlies the Canepatch.  Thickness of the formations is up to 5 meters and 
consists of variegated quartzose sands, argillaceous sands and clays (DuBar, 1974).  The 
approximate age of the Socastee is late Pleistocene, which correlates with the Flanner 










Figure 4: Stratigraphic column of the formations located along the Intracoastal Waterway, Horry 






 2.3 Depositional Environments 
2.3.1 Cool-Water Carbonate 
A cool-water carbonate environment is one of the depositional environments of 
interest for this research.  Seawater temperature related to cool-water carbonates has 
bottom waters generally below 20°C and carbonates associated with this environment 
typically form on deep, open shelves (James, 1997).  A cool-water environment has an 
absence of non-skeletal grains (Hood et al., 2004).  Although this environment is 
composed primarily of a heterozoan association, a heterozoan association does not 
always imply a cool-water environment (James, 1997). A number of species live within a 
heterozoan association (James, 1997).    Some of those same species may potentially be 
associated with the research site, such as molluscs, echinoderms and bryozoans.   
 
2.3.2 Warm-Water Carbonate 
 Warm-water environments are the most widely studied area of carbonate research.  
They have bottom waters greater than 22°C with high to low energy (Hood et al., 2004).  
A typical setting for this environment consists of shallow rimmed shelves, ramps and 
reefs with sand and mud textures dominant (Hood et al., 2004).  A Photozoan Association 
is mainly comprised of calcareous green algae, molluscs, benthic foraminfera and corals 
resulting in a hermatypic coral reef (Hood et al., 2004).  Non-skeletal grains and 





2.4 Coastal Coquinas 
 The southeastern coast of the United States from North Carolina to Florida 
exhibits similar depositional environments.  The principal commonality between them is 
the presence of stratigraphic formations consisting of coquina along the East Coast, with 
the exception of Georgia.  Coquina is a poorly cemented rock of mollusc shells and in 
some cases quartz sand (Scott, 2000).  It forms from naturally acidic rainwater that seeps 
into the shell material dissolving the calcium carbonate which can later deposit as calcite 
cement (Scott, 2000).   The formations of interest contain coquinas along the East Coast, 
approximately at or near sea level.  North Carolina, South Carolina, and Florida all 
classify similar coastal coquinas into different formations.   
 
2.4.1 North Carolina  
Coquina from Cape Fear, North Carolina, is Late Pleistocene in age correlating 
with oxygen isotope stage 3 (Dockal, 1996).  The coquina found in North Carolina has 
been associated with a number of formations; however the original formation to include 
this coquina was the Pamlico Formation (Wells and Richards, 1936).  This coquina has 
also been associated with the Cape Fear Coquina, the Neuse Formation, and the 
Waccamaw Formation (Dockal, 1996).  Although the Waccamaw Formation has been 
associated with coquina in the past, the formation actually occurs 10 meters below the 
coquina in South Carolina (Dockal, 1996).   
The Neuse Formation has primarily been used to account for the coquina deposits 
of North Carolina.  This formation consists of fossiliferous sand to arenaceous 
fossiliferous limestone weakly cemented with blocky calcite and a siliciclastic fraction 
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between 32% and 54% (Dockal, 1996).  Whole mollusc shells of Mercenaria, Busycon, 
Crassostrea and Rangia are concave down implying a southerly transport direction 
(Dockal, 1996).  The coquina is thought to have formed in the phreatic zone near the 
paleo-water table (Dockal, 1996).  It occurs in the intertidal zone and upwards of 6 
meters above sea level (Wells and Richards, 1936).  The majority of fossils found are 
mollusc, however bryozoans, barnacles, sponges and corals can be found (Wells and 
Richards, 1936).  
 
2.4.2 South Carolina  
The coquina just south of the main research site is found in the Socastee 
Formation which outcrops in Myrtle Beach, South Carolina.  The Socastee Formation, 
also referred to as the Pamlico Formation, consists of quartzose sands, argillaceous and 
silty sands and clays (DuBar, 1971).  The formation has been mapped from as far south 
as the Santee River, in Central South Carolina to the northern end near Wilmington, 
North Carolina (DuBar, 1971).  A young age of late Pleistocene, approximately 130,000 
years B.P., has been assigned to the formation due to stratigraphic position and faunal 
assemblage (DuBar, 1971).   
 
2.4.3 Florida  
The Anastasia Formation is a coquinoid limestone, a coquina in a fine-grained 
matrix, exposed along the coast, on barrier islands, and along the Intracoastal Waterway 
of Florida (Lovejoy, 1998). The Anastasia Formation is part of the Atlantic Coastal Ridge 
system which is a barrier island chain of Pleistocene age, approximately 130,000 to 
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100,000 years B.P. (Scott, 2000).  It spans a distance of more than 320 km on the East 
Coast but is only exposed for 1 km on the west coast of Florida near Seista Keys 
(Lovejoy, 1998).  The shells show signs of abrasion which probably took place in a high-
energy environment on crests or offshore bars (Lovejoy, 1998).  Typical molluscs 
observed in the Anastasia Formation are also found in the Neuse Formation and include: 
Busycon, Crassostrea and Mercenaria; other species include Donax variabilis (coquina 








3.1 Field Observations 
Samples of the carbonate build-up, located along the Intracoastal Waterway, 
Horry County, South Carolina, were collected for analyses to determine the morphology 
and possible depositional environment of the structure.  The samples were taken from 
three locations along a representative transect of the waterway within the research area 
(Figure 5).  Field observations were recorded, such as the relationship of the samples to 
high and low tide to determine if possible dissolution of the build-up is occurring.  The 
extent of the exposed build-up was recorded in combination with GPS data to aid in 
determining the lateral extent of the exposure.  The GPS data points were input into 
ArcGIS and projected onto an image of the Intracoastal Waterway to generate a map to 
better illustrate the lateral extent of the carbonate build-up.   
 
3.2 Thin-Section Analysis 
 Thin-sections were made at a Wright State University-Lake Campus laboratory 
from the samples collected.  Fifteen thin-sections were made, five from each sample, and 
analyzed using a petrographic microscope to aid in the determination of the origin of the 
build-up.  A detailed description of the fossils present was recorded as well as cement 
morphology.  A single thin-section from each sample was stained with Alizarin red to 













3.3 Calcium/Magnesium Analysis 
Chemical analysis was performed on the samples to gather information on the 
build-up.  The magnesium/calcium, or Mg/Ca ratio, was acquired thru the Department of 
Chemistry at Wright State University with the use of their Varian AA240FS Fast 
Sequence Atomic Absorption Spectrometer.  Samples had to be digested in order to 
perform the analysis.  Therefore approximately 1.00g of whole-rock sample was 
dissolved in 10 ml of 8N Nitric Acid.  The sample was then vacuum filtered while being 
diluted to 250 ml with deionized water to ensure there are no solids present.   
Standards were used in order to calibrate the instrument in addition to generating 
a curve for determining the concentrations of calcium and magnesium in the samples.  
The standards were prepared from stock solutions of 1000 ppm for both calcium and 
magnesium.  The standards for calcium were prepared from the respective stock solution 
to concentrations of 50, 100, 200, 300 and 500 ppm.  Calcium analysis was performed via 
air/acetylene flame absorbance.  Magnesium standard was prepared from the respective 
stock solution to concentrations of 10, 20, 50 and 100 ppm.  The analysis was performed 
by Atomic Emission Spectrometry. 
 
3.4 Isotope Analysis 
Oxygen isotope data was determined in the Stable Isotope Biogeochemistry 
Laboratory at The Ohio State University.  A sample of the build-up from each sample site 
was crushed using a mortar and pestle for analysis.  The analysis was performed per the 









O relative to Vienna Peedee Belmnite Limestone 
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C relative to V-PDB) using 
an automated Carbonate Kiel device coupled to a Finnigan Delta IV Plus stable isotope 
ratio mass spectrometer.  Samples were acidified under vacuum with 100% ortho-
phosphoric acid, the resulting CO2 cryogenically purified, and delivered to the mass 
spectrometer.  The standard deviation of repeated measurements of an internal standard 
was ± 0.07‰ for δ
18
O and ± 0.04‰ for δ
13
C” (communications with Abbey Crystal and 
Yohei Matsui, The Ohio State University). 
 
3.5 Clastic/Carbonate Determination 
In addition to the aforementioned tests, a sample of build-up was dissolved in acid 
to determine the weight percentage of carbonate grains versus clastic grains. Four 
samples of the build-up from each sample site were crushed using a mortar and pestle.  
Samples were taken from the top, two in the middle and the bottom of each hand 
specimen.  Approximately 1.00 g of each sample was weighed out and dissolved in 8 
molar nitric acid.  The samples were then vacuum-filtered to separate the clastic grains 
from dissolved carbonate.  Filter paper was weighed prior to filtering and again after the 
filter paper and sample had dried.  The difference in filter paper weight was determined 
to be the clastic component of the sample.  The clastic grains were then removed from the 
filter paper to be analyzed under a microscope.  The remaining sediment on the filter 
paper was weighed and determined to be the siliciclastic mud component of the sample.  




3.6 Cross-Section  
A cross-section of the study area was generated from data obtained from the 
South Carolina Geologic Survey along with data from the Atlantic Coastal Plain 
Geologic Association 12
th
 Annual Field Conference by Jules R. DuBar (1971).  Because 
data were obtained from separate sources, correlation amongst the data-set was 
necessary.  Figure 6 is a map showing the locations of the boreholes from Table 2 with 
reference to the starting point of the field conference by Jules R. DuBar as well as the 
main site of research for this thesis.  The lithologic data from five borehole logs was 
entered into WinLog which was then imported into WinFence to generate a fence 
diagram of the research area.   
 
 
Table 2: Latitude and Longitude for the borehole locations for cross-section   
Well Number Latitude Longitude 
59  33°50'6.10"N  78°40'54.34"W 
286  33°49'38.35"N  78°42'24.78"W 
285  33°49'22.17"N  78°42'56.86"W 
67  33°49'11.12"N  78°43'11.49"W 
61  33°48'21.22"N  78°44'4.41"W 
      





























































4.1 Field Observations 
  The carbonate build-up is located along the Intracoastal Waterway in Horry 
County, South Carolina.  The top of the build-up becomes visible as the tide starts to 
lower.  At maximum low tide the build-up may be visible upwards of 1 meter.  The base 
of the unit is below water level.  The top of the unit which, is exposed, shows signs of 
weathering.  The weathered surface is covered in algae, and appears a greenish-black 
color with pitting and scouring.  The pitting and scouring could be a result of dissolution 
of the carbonate material and abrasion from the tidal changes.  The dry unweathered 
surface is bluish-gray in color.  The fossil content of the build-up consists of whole and 
broken molluscs, bryozoans and echinoderms.  The matrix consists of calcareous and 
clayey sand.  Laterally between the build-up and the waterway wall is a sandy 
environment of well preserved whole mollusc fossils.  The sand layer has only been 
located near the main site of research.  At the main research site the sand layer is adjacent 
to the waterway wall illustrated in Figure 7.  Approximately 6 meters south along the 
waterway the build-up is adjacent to the waterway wall depicted in Figure 8.   
In addition to the build-up and the sand layer there is a sandy shell hash layer that 
is pinkish-tan in color with an abundance of broken shells.  A dark gray peat layer is also 
present along portions of the waterway in which many well preserved fossils have been 
found.  A layer of silt grading into clay is present along sections of the waterway 
however in other areas along the waterway the silt portion is not present therefore only 
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leaving the clay portion visible.  The silt and clay are grayish colors with the clay have a 









 Figure 8: Picture representing another bank along the Intracoastal Waterway.  Section A represents 
a sandy layer.  Not much was exposed along the bank.  Section C is the shell hash layer.  Section D is 



















Figure 7: Picture representing a bank along the Intracoastal Waterway.  Section B represents the 
carbonate build-up.  Section C is a sandy shell hash.  Section D in this area is predominantly a clay 






 The carbonate build-up outcrops along the waterway for approximately 12 
kilometers.  The yellow points on Figure 9 show the visible locations of the build-up.  
Build-up locations were visible on both sides of the waterway.  The larger the cluster of 
data points the more prominent the build-up.  Data was collected during low tide into the 
rising tide.  Thicker sections of the build-up were seen further north along the waterway 
during the maximum low tide.  Moving south along the waterway thinner sections were 







Figure 9: Diagram showing the GPS data points collected of the exposed build-up.  The red arrows 




4.2 Thin-Section Analysis 
Thin-sections created from the carbonate build-up contain an abundance of 
skeletal grains.  These grains include abundant echinoderms, pelecypods and bryozoans 
(Figures 10-11).  Foraminifera are also present, they account for a much smaller portion 
(Figures 12-13).  Micrite occurs as rims surrounding many skeletal grains (Figures 14-
17).  Some of those skeletal grains have been completely micritized (Figures 18-19).  
Burrows are also present within the carbonate build-up (Figure 20).  Calcite fibers are 
present sporadically in thin-section (Figure 21).  Sparry calcite is abundant throughout 
the carbonate build-up (Figure 22).  Dolomite rhombohedrals are rare within the samples 
collected but can be found due to replacement, growing in void space (Figure 23).   Non-






Figure 10: Photomicrograph of general composition of carbonate build-up, Alizarin red 




            
 
 
Figure 11: Photomicrograph of general composition of carbonate build-up, bryozoan 









Figure 12:  Photomicrograph of foraminifera, Alizarin red staining, cross-polarized light, 







Figure 13: Photomicrograph of foraminifera, Alizarin red staining, cross-polarized light, 









Figure 14: Photomicrograph of general composition of carbonate build-up, cross-polarized 








Figure 15: Photomicrograph of general composition of carbonate build-up, micrite visible 









Figure 16: Photomicrograph of micrite surrounding the skeletal grain, 2.5x, field of view= 







Figure 17: Photomicrograph of micrite surrounding mollusc shell, 2.5x, field of view= 4.0 









Figure 18: Photomicrograph of micritized skeletal grain, cross-polarized light, 2.5x, field of 







Figure 19: Photomicrograph of micritized skeletal grain, cross-polarized light, 2.5x, field of 



























Figure 22: Photomicrograph of sparry calcite cement, Alizarin red staining, 2.5x, field of 







Figure 23: Photomicrograph of rhombohedral dolomite, Alizarin red staining, cross-
polarized light, 2.5x, field of view= 4.0 mm.   
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4.3 Calcium/Magnesium Analysis 
 The samples were run in two duplicates and the average was calculated for each 
sample set (Appendix A). The value for the top section of sample one is believed to be 
erroneous.  The value is vastly lower than the rest of the values and is therefore excluded 
from any interpretations.   
The chemical analysis of calcium provided by absorption resulted in values 
ranging from 6.6 mmol/L to 32.0 mmol/L (Table 3).  Due to the erroneous value of the 
top section of sample set one the values thus ranges from 25.1 mmol/L to 30.7 mmol/L.  
Sample set two had a range between 24.6 mmol/L and 32.0 mmol/L.  A range of 
23.5mmol/L to 26.4 mmol/L was determined for sample set three.   
The chemical analysis for magnesium has an overall range of 0.5 mmol/L to 1.8 
mmol/L (Table 4).  Since the top section of sample one is invalid, the range for sample 
set one is 1.4 mmol/L to 1.8 mmol/L.  The range for sample set two is 0.9 mmol/L to 1.2 
mmol/L which is below the range of sample set one.  The third sample set is also lower 
than the first with a similar range as the second sample.  The range for sample set three is 
1.0 mmol/L to 1.1 mmol/L.   
 The Ca/Mg ratio is a weight ratio which gives an indication as to the depositional 
environment of the carbonate build-up.  The Ca/Mg ratio for sample set one (excluding 
the outlier) has a range from 17:1 to 19:1.  The second sample set has the broadest range 
of 25:1 to 28:1 which also has the highest values.  Sample set three ranges from 24:1 to 





Table 3: Calcium present in the samples run. 
Sample Ca
+2
(mmol/L)   Sample Ca
+2
(mmol/L)   Sample Ca
+2
(mmol/L) 
1-1* 6.6*   2-1* 24.6   3-1* 24.0 
1-2* 25.1   2-2* 31.8   3-2* 23.5 
1-3* 27.9   2-3* 25.4   3-3* 23.6 
1-4* 30.7   2-4* 32.0   3-4* 26.4 






Table 4: Magnesium present in the samples run. 
Sample Mg
+2
(mmol/L)   Sample Mg
+2
(mmol/L)   Sample Mg
+2
(mmol/L) 
1-1* 0.5*   2-1* 0.9   3-1* 1.0 
1-2* 1.4   2-2* 1.1   3-2* 1.0 
1-3* 1.5   2-3* 1.0   3-3* 1.0 
1-4* 1.8   2-4* 1.2   3-4* 1.1 






Table 5: Ca/Mg ratio determined from the samples run. 
Sample Ca/Mg Ratio   Sample Ca/Mg Ratio   Sample Ca/Mg Ratio 
1-1* 14:1*   2-1* 28:1*   3-1* 24:1* 
1-2* 19:1*   2-2* 28:1*   3-2* 25:1* 
1-3* 19:1*   2-3* 25:1*   3-3* 24:1* 
1-4* 17:1*   2-4* 27:1*   3-4* 24:1* 




Comparisons of the calcium and magnesium components of the samples show a general 
trend of magnesium decrease from north to south along the Intracoastal Waterway 
(Figure 24).  The calcium component does not exhibit a trend.  The values range between 
1000 and 1400 ppm in each sample.  At the base of the samples the magnesium and 
calcium content is the greatest where as the top of the sample is the lowest concentration 
of calcium and magnesium. 
 The Ca/Mg ratio increases southward down the Intracoastal Waterway (Figure 
25).  The highest ratio is found in sample two near the middle of the outcropping build-
up.  These values are approximately 44% higher than sample one.  The values for sample 
three are not much less than sample two but does decrease by 10% and are 33% higher 











Figure 24: Comparison of the magnesium content verses the calcium content of the samples along 
the waterway.  The lighter shaded markers represent the top of the samples and the color deepens 






Figure 25: Ca/Mg ratio  of the samples versus distance along the Intracoastal Waterway.  The 
lighter shaded markers represent the top of the samples and the color deepens as the sample moves 
towards the bottom of the sample. 
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4.4 Isotope Analysis 
 The isotope analysis performed at The Ohio State University provided negative 
values for δ
13
C (Table 6; Appendix B).  The values for sample set one range from -
2.201‰ to -1.928‰, replicate five was run as a duplicate sample of replicate four.  
Sample set two had a range between -2.100‰ and -1.788‰ with a duplicate within the 
range.  A duplicate was also within the range of -1.916‰ to -1.883‰ for sample set 
three.  The sample ranges show a general increase towards the southwest of the 
waterway.  A standard deviation of reproducibility of an internal standard was ± 0.04‰ 
for δ
13
C (communications with Yohei Matsu, The Ohio State University). 
The isotopic values for δ
18
O have an overall range of 0.478‰ to 0.726‰ (Table 
7).  Sample set one has a range of 0.548‰ to 0.666‰.  The values are the highest for 
sample set two with a range between 0.726‰ and 0.609‰.  The third sample set has a 
range higher than the first sample set but not as high as the second with a range of 
0.476‰ to 0.558‰. The replicate run for sample sets one and three were within the range 
of the overall samples.  However, sample set two was below range by approximately 
0.019‰ or 3%.   A standard deviation of reproducibility of an internal standard was ± 
0.07‰ for δ
18
O (communications with Yohei Matsu, The Ohio State University). 
The salinity of the water during formation of the build-up can be determined 
using δ
18
O with the following equation:  
δw = -17.0 + 0.495S ± σml 
where δw is the 
18
O value of the seawater, S is the salinity and σml is the standard error for 
the calculation of salinity to be 0.4 (Schmidt, 1999).   Table B-3 shows the calculations to 





analysis as well as the error associated with the salinity equation taken into consideration.  
Salinity is total weight of dissolved salts in grams per kilogram of water expressed as 
parts per thousand (‰) (Pinet, 2003).  The salinity of the samples (Table 8) has an overall 
range of 34.8‰ to 36.4‰.  The salinity range calculated for sample set one is 34.9-
36.1‰.  The salinity range for sample set two is slightly higher at 35.0-36.4‰ and 
slightly lower for sample set three at 34.9-36.0‰.   
 The temperature of the water at the time of the build-up being formed is also 
calculated using δ
18
O with the following equation: 
T°C = 16.5 – 4.3 · δ18O + 0.14 · (δ18O)2 
where T is the temperature in Celsius and δ
18
O is the value from the seawater with a 
standard deviation of ±0.6°C (Epstein et al., 1953).   Table B-4 shows the calculations to 
determine the range of each sample from equation two with the error from the δ
18
O 
analysis as well as the error associated with the temperature equation taken into 
consideration.  The overall temperature range (Table 9) of the build-up is between 12.6°C 
and 15.4°C.  The average temperature range calculated for sample set one is 12.6-14.8°C.  
The average range for sample set two is slightly lower at 12.6-14.8°C and slightly higher 















C values for samples from the Intracoastal Waterway. 
Sample δ
13
CVPDB (‰)   Sample δ
13
CVPDB (‰)   Sample δ
13
CVPDB (‰) 
1-1* -1.928±0.04   2-1* -1.788±0.04   3-1* -1.883±0.04 
1-2* -2.082±0.04   2-2* -1.845±0.04   3-2* -1.957±0.04 
1-3* -2.082±0.04   2-3* -2.100±0.04   3-3* -1.877±0.04 
1-4* -2.001±0.04   2-4* -1.818±0.04   3-4* -1.902±0.04 
1-5* -2.201±0.04   2-5* -1.965±0.04   3-5* -1.916±0.04 









O values for samples from the Intracoastal Waterway. 
Sample δ
18
OVPDB (‰)   Sample δ
18
OVPDB (‰)   Sample δ
18
OVPDB (‰) 
1-1* 0.624±0.07   2-1* 0.668±0.07   3-1* 0.558±0.07 
1-2* 0.548±0.07   2-2* 0.628±0.07   3-2* 0.476±0.07 
1-3* 0.666±0.07   2-3* 0.714±0.07   3-3* 0.478±0.07 
1-4* 0.625±0.07   2-4* 0.726±0.07   3-4* 0.533±0.07 
1-5* 0.623±0.07   2-5* 0.609±0.07   3-5* 0.514±0.07 
























Table 8: Salinity values calculated using δ
18
O. 
Sample Salinity (‰)   Sample Salinity (‰)   Sample Salinity (‰) 
1-1* 35.1-36.1   2-1* 35.2-36.2   3-1* 34.9-36.0 
1-2* 34.9-36.0   2-2* 35.1-36.2   3-2* 34.8-35.8 
1-3* 35.1-36.2   2-3* 35.2-36.3   3-3* 34.8-35.9 
1-4* 35.1-36.1   2-4* 35.3-36.4   3-4* 34.9-36.0 
1-5* 35.1-36.1   2-5* 35.0-36.1   3-5* 34.8-35.9 







Table 9: Temperature values calculated using δ
18
O. 
Sample Temperature   Sample Temperature   Sample Temperature 
1-1* 13.0-14.8°C   2-1* 12.8-14.6°C   3-1* 13.3-15.0°C 
1-2* 13.3-15.1°C   2-2* 13.0-14.7°C   3-2* 13.6-15.4°C 
1-3* 12.6-14.6°C   2-3* 12.6-14.4°C   3-3* 13.6-15.4°C 
1-4* 13.0-14.8°C   2-4* 12.6-14.3°C   3-4* 13.4-15.1°C 
1-5* 13.0-14.8°C   2-5* 13.0-14.8°C   3-5* 13.4-15.2°C 
   * Replicate 5 is a sample duplicate  
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 Isotopic comparison of oxygen and carbon shows an increase in δ
13
C from sample 
set one to sample set two however the value decrease to sample set three (Figure 26).  
Sample sets one and two are generally similar in δ
18
O values and sample set three 
decreases.  No general trend is visible with respect to position within the sample set. 
 Isotopic data was used to generate approximate paleo-temperature and paleo-
salinity values for the carbonate build-up at the time of deposition.  A general 
relationship between these parameters can be seen in Figure 27.  As the temperature 








Figure 26: Initial δ
13
C versus initial δ
18
O values for the samples collected along the Intracoastal 
Waterway.  The lighter shaded markers represent the top of the samples and the color deepens as 
the sample moves towards the bottom of the sample. 
 
    
Figure 27: Temperature and salinity values for the samples collected along the Intracoastal 
Waterway.  The lighter shaded markers represent the top of the samples and the color deepens as 
the sample moves towards the bottom of the sample. 
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4.5 Clastic/Carbonate Determination 
Three samples from the carbonate build-up were collected and analyzed for their 
clastic verses carbonate content (Appendix C).  The non-carbonate or clastic component 
of the build-up was determined to have an overall average of 35.07% to 47.16% (Table 
10).  The results from sample set one have a clastic range from 30.28% to 40.00% with 
an average of 35.07%.  As the samples move to the southwest the percent of clastic 
material increases.  Sample set two ranges from 33.35% to 43.09% giving an average of 
38.24%.  Further southwest the clastic component of the samples has increased by 
approximately 10% to a range of 44.46% to 49.65% yielding and average of 47.16% for 
sample set three.   
After the removal of the visible grains for microscopic analysis the remaining 
sediment was analyzed to determine the percent mud content of the samples (Table 11).  
Sample set one has a siliciclastic mud range of 5.25% to 7.88% with an average of 
6.80%.  The second sample set slightly decreased in mud content to a range of 2.84% to 
11.22% with an average of 5.37%.  The third sample set had the highest average mud 
content of 10.90% which corresponds with the highest clastic component.  The mud 
content of sample set three ranged from 5.61% to 24.69%.   
The grains removed for microscopic analysis yielded a large amount of quartz.  
The grains are poorly sorted, moderately frosted to frosted with the finer grains being 
subrounded and the coarse grains subangular.  They range in size from fine sand (⅛ - ¼ 
mm) to very coarse sand (1.0 - 2.0 mm) with the largest grains found in sample set three 











Table 10: Percent of clastic component present in the three samples.   
Sample 
Percent 
Clastic   
Sample 
Percent 




1-1* 31.93%   2-1* 33.35%   3-1* 49.65% 
1-2* 30.28%   2-2* 43.09%   3-2* 46.65% 
1-3* 38.05%   2-3* 34.01%   3-3* 44.46% 
1-4* 40.00%   2-4* 42.51%   3-4* 47.88% 







Table 11: Percent of siliciclastic mud component present in the three samples.   
Sample 
Percent  
Mud   
Sample 
Percent  




1-1* 5.25%   2-1* 2.84%   3-1* 5.61% 
1-2* 7.88%   2-2* 11.22%   3-2* 6.80% 
1-3* 7.11%   2-3* 2.92%   3-3* 6.48% 
1-4* 6.94%   2-4* 4.50%   3-4* 24.69% 










A trend can be seen of decreasing carbonate content as the sample number 
increases indicating an increase in clastic content to the south (Figure 28).  Generally, the 
samples have a higher clastic content towards the bottom of the each sample set. 
 Mud content versus clastic content is shown in Figure 29.  The mud content of the 
samples is at least 9% of the clastic component of the sample.  The most mud present is 
52% of the sample which is located at the bottom of the third sample set.  There is no 

















Figure 28: Clastic content versus carbonate content of the samples from the Intracoastal 
Waterway.  The lighter shaded markers represent the top of the samples and the color deepens as 




Figure 29: Mud content versus clastic content of the samples from the Intracoastal Waterway.  The 
lighter shaded markers represent the top of the samples and the color deepens as the sample moves 




Borehole logs from the South Carolina Geologic Survey yielded two cross-
sections of the same transect based on different parameters.  The first cross-section is 
based on ages given on the logs.  The area is mainly Pleistocene with a Pliocene base.  
The Pleistocene beds are composed of the Talbot Formation which consists of the Jaluco 
Delta Formation and an Ervilla-Mulinia Facies.  Additional Pleistocene formations are 
the Myrtle Beach and Pamlico.  According to the borehole logs, the Waccamaw 
Formation and Clear Pond Formation are the Pliocene beds.  Top of borehole 67 is 
composed of road fill whereas the top of borehole 59 is composed of float from the 




















































































































































































 The second cross-section generated from the borehole data is based on lithology.  
The main lithologies in the area are Pleistocene in age.  The prominent layer consists of 
highly organic medium sand with shell fragments.  Other layers of medium sand are 
present however they do not include organics.  The other layers are determined to be 
clean, contain shell fragments or neither.  Fine calcareous sand with Mulinia lateralis and 
Donax variabilis fossils is present above a limestone layer of Pliocene age.  The Pliocene 
layers are a fossiliferous limestone and coquina composed of a “shell hash”.  Two 
additional layers as described in the previous cross-section are the road fill deposit along 


































































































































































































The fossil content of the carbonate build-up is comprised mainly of broken 
molluscs/pelecypods, echinoderms and bryozoans.  The sediment is classified as 
calcareous sands and clayey sands.  The non-skeletal components of the build-up consist 
of mainly quartz along with cement, lime mud, micrite and dolomite.  On average, about 
half of the skeletal grains have a micritic envelope.   
The physical, biological and chemical alterations of carbonate sediments present 
resulted from diagenetic processes.  These processes include: dissolution, cementation, 
compression, pressure solution, micritization and dolomitization.  Diagenetic processes 
can occur on the seafloor, during deep burial or by the affects of groundwater (Bathurst, 
1975).  The carbonate build-up has undergone multiple diagenetic processes.  The 
presence of dolomite (Figure 23) indicates dolomitization has taken place; however since 
the build-up only exhibits minor amounts, it is likely that only partial diagenetic 
dolomitization has occured.   
Diagenesis is believed to have occurred in two environments.  First, as the build-
up was being deposited it may have undergone diagenesis through saltwater interaction 
(Randazzo and Bloom, 1985).  The wave action dissolves the carbonate from the broken 
shells and precipitates as calcite cement.  Sparry calcite can form in multiple 
environments one of which is a brackish environment (Ward and Halley, 1985).  The 
carbonate build-up may have also experienced diagenesis in a meteoric environment.  
Meteoric diagenesis is the dissolution and cementation due to meteoric water i.e. 
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groundwater interaction with the carbonate build-up after burial.  Meteoric diagenesis 
takes place in the vadose zone and phreatic zone (Steinen and Matthews, 1973).  The 
calcite needle fibers, as illustrated in Figure 21,  are an indication of meteoric diagenesis 
taking place in the vadose zone (Sherman et al., 1999).  Sparry calcite is also typical of 
vadose zone diagenesis (Bathurst, 1975). 
The Ca/Mg ratio has an overall range of 17:1 to 28:1.  This range of values for the 
carbonate build-up can also be compared to the values of recent fine calcareous sand and 
silt with values of 18:1 to 30:1 (Chilingar, 1956).  The values from the literature, for 
recent fine sands, show comparative similarities to the values calculated for the sediment 
composition of the carbonate build-up.     
  Magnesium content is lower than expected for a carbonate environment.  A loss 
of magnesium is possible due to diagenetic processes such as infiltration and precipitation 
of CaCO3 (Chilingar, 1962).  It is also possible that the seawater at the time of deposition 
was deficient in magnesium thus yeilding a low magnesium content.  According to 
Frolova (1959), the Ca/Mg ratio indicates that the carbonate component of the build-up is 
classified as a slightly dolomitic limestone.  The values for the build-up are on the higher 
side of the range indicating that more limestone is present then dolomite. 
Isotopic data gives good insight to the depositional environment in question.  The 
changes in δ
18
O reflect paleoclimatic changes due to the variations seen in the δ
18
O 
results from fossils and cements (Sakai and Kona, 2001).  These changes include 
paleotemperature and ice volume, which give an indication of sea level fluctuations 
(Sakai and Kona, 2001).  The fluctuations in δ
18
O are recorded and divided into isotopic 
stages which correlate to different ages.  Figure 32 shows the oxygen isotopic stage and 
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indicates the approximate age of the build-up based on the overlying Canepatch 
corresponding with oxygen-isotope stage 11 (Cronin, 1988).  The paleo-temperature and 
salinity was determined from the δ
18
O values of the carbonate build-up.  The paleo-
temperature calculated with the uncertainty from the δ
18
O value of ±0.07 as well as with 
the temperature equation uncertainty of ±0.6°C yielded a range of 12.6°C to 15.4°C 
which indicates the water temperature at deposition is considered to be cool to temperate 
(James, 1997).  The calculated paleo-salinity also with the uncertainty of the δ
18
O value 
and the uncertainty of the salinity equation of ±0.4‰ taken into consideration yielded a 
range of 34.8-36.4‰ which is typical for ocean waters (Winn et al., 1998).  The changes 
in δ
13
C are an indication of ocean productivity, carbon circulation flux and carbon reserve 
(Sakai and Kona, 2001).   




C values of shallow-
marine carbonates (Sakai and Kona, 2001). Isotopic values plotted on a graph (Figure 33) 
modified from Banner and Hanson (1990) assisted in determining the fluid involved in 
the meteoric diagenesis which is considered to mainly freshwater but probably includes 
some seawater mixing due to the calculated salinity.  The calculated paleo-salinity value 
of 35‰ is a high value for all freshwater diagenesis which indicates that mixing is more 
likely.  The salinity value for brackish waters, mixing of freshwater and seawater, ranges 
from 5‰ to 25‰ (Pinet, 2003).  Therefore if cements were precipitated in a brackish 
environment with shell fragments from seawater it could explain the higher than expected 







Figure 32: Oxygen isotope curve showing the isotopic stages based on δ18O.  The highlighted area 
is the estimated age of deposition for the carbonate build-up based on the Canepatch 
















O values for the samples collected plotted to determine diagenetic fluids.  
Modified from Banner and Hanson (1990). 
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With a carbonate concentration greater than 50%, the carbonate/clastic indicates 
the samples are carbonate rocks (Carozzi, 1988).  The mixing of carbonate and 
siliciclastic sediments occur in a variety of shallow shelf environments.  These processes 
are divided into four mixing categories: punctuated, source, in situ and facies (Mount, 
1984).  Punctuated mixing occurs during high intensity events such as storms carrying the 
siliciclastic sediment from the shore into deeper waters near reef environments (Mount, 
1984).  In situ mixing is when death assemblages are mixed with terrigenous sediment 
through the process of burrowning or tidal currents (Mount, 1984).  Stronger currents can 
produce shell lags with little siliciclastic sediment due to separation of the the skeletal 
grains and mud (Mount, 1984).  Uplift and erosion cause the mixing of clastic sedimnet 
with the carbonate component in source mixing (Mount, 1984).   Facies mixing occurs 
along margins of reefs or shoals in subtidal environments (Mount, 1984).  Mixing is 
controlled by lateral facies migration and coast-parallel currents (Mount, 1984).  The 
carbonate and siliciclastic mixture of the carbonate build-up is interpreted to be due to 
facies mixing.  Transgressive currents may have carried the coarse shell material on a 
bank or beach during high-energy conditions to mix with the sand on the bank or beach.   
The clastic component could also be attributed to depositional circumstances such 
as a stream or river entering the area at the time of deposition.  The higher clastic 
component to the south could be attributed to a larger amount of sediment entering near 
the location of sample three via a river or stream.  This is also supported by the larger 
grains found in sample three in addition to the higher mud content.  More than 80% of the 
siliciclastic component of the samples were determined to be fine to very fine sand or 
mud.  The terrigenous mud facies of the shelf is composed of very fine sands (Morelock 
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et al., 1983) which correlates with the carbonate build-up.  The coarser sand grains could 
have been added during flood events (Morelock et al., 1983).   
The cross-sectional data shows areas of coquina at a depth near sea level.  These 
boreholes are located near the main site of research and support the interpretation that the 
carbonate build-up is considered a coquina.  The drill hole areas that contain a 
consistency of limestone (Figure 31) could possibly indicate a coquina producing 
environment.  It is also possible that those borehole locations may not have experienced 
as much diagenesis as the research site and other borehole locations.  This also could 
indicate that the coquina is more widespread than initially mapped.   
The depositional environment of the carbonate build-up  is interpreted to be a 
transgressive environment near a river or stream (Figure 34-A).  The area experienced 
longshore current affects causing a facies mixing of sediment types.  The sediment from 
the river is moved down the shore by tidal or longshore curents of 1-2 knots (Wilson, 
1975).  After the deposition of the shell layer the area experienced a regressive event.  
The area was then buried and the carbonate build-up underwent diagenesis due to 
meteoric mixing in the vadose zone.  The cementation and the large amount of shell 
debris of the build-up has resulted in a coquina.  Coquinas are typical remnants of a 
transgressive environment (Cann et al., 1999; Naish and Kamp, 1995).   
A sand body containing well preserved fossils is located seaward of the carbonate 
build-up or coquina.    The sand is believed to have been deposited after the coquina 
formed.  The area was eroded before another transgressive event occurred.  The sand 
body was then deposited into a depression in the build-up during a low-energy sea level 
rise (Figure 34-B).    
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Figure 34: Diagram depicting the depositional history of the area (A) High-energy environment 
during which the carbonate build-up was deposited (B) Low-energy environment depositing the 










This research has provided information pertaining to the depositional environment 
of the carbonate build-up located along the Intracoastal Waterway in Horry County, 
South Carolina.  The results of this research have lead to the following conclusions: 
1. The carbonate build-up is located near sea level and is composed primarily of 
carbonate composition consisting predominantly of molluscs/pelecypods, 
echinoderms, and bryozoans.  The carbonate build-up was deposited in a 
shallow shelf environment of cool to temperate transgressive conditions 
estimated to be Late Pleistocene in age.   
2. Siliciclastic grains were mixed with the build-up during deposition by either a 
river or stream entering near the site and/or from currents carrying sediment 
and mixing with the shell debris.  The Ca/Mg weight ratio compares with 
recent fine sand sediments. 
3. The build-up correlates with the limestone and coquina lithologies of the 
borehole logs located at a depth near sea level.  This shows that the build-up is 
likely to be located in other areas not seen along the banks of the Intracoastal 
Waterway.   
4. The build-up has undergone two stages of diagenesis.  Seafloor diagenesis 
took place at the time of deposition followed by meteoric diagenesis in the 
vadose zone.  The diagenetic alterations include dissolution, cementation and 
partial dolomitization as indicated by the thin-section analysis.   
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5. Diagenetic processes such as cementation have hardened the build-up, which 
has resulted in a coquina that visibly spans a 12 kilometer lateral extent of 
exposure along the Intracoastal Waterway.  This coquina may correlate with 
the Anastasia Formation of Florida, the Neuse Formation of North Carolina 




7.0 FUTURE WORK 
 
Future work relating to the carbonate build-up could be conducted along the 
Intracoastal Waterway to further understand the environment.  Dating of the coquina and 
surrounding environments could be conducted by amino acid racemization testing to 
determine an accurate age of the build-up and surrounding beds.  Similar dating practices 
could be employed on other coquina environments in North Carolina, South Carolina and 
Florida, in an attempt to correlate these environments.  In addition, other analytical 
techniques, such as isotopic data and thin-section analysis, could be used to correlate the 
various coquinas along the coast. 
Geophysical analysis of the research area could be conducted with the use of 
geophones and hydrophones.  This analysis could provide a more accurate representation 
of the lateral extent and thickness of the coquina.  Geophysical data along with the 
correlation of additional borehole logs from a broader area would assist in determining 
the lateral extent of what is not exposed.  The coquina is visible on both sides of the 
Intracoastal Waterway; therefore the thickness of the coquina would be of interest to 
determine if it is indeed located at the base of the waterway.   
A stratigraphic correlation of the Intracoastal Waterway based on the different 
formations could be conducted.  This along with an interpretation of the depositional 
environments of those formations could give a better understanding of the sea level 
changes that have taken place throughout time in South Carolina, specifically along the 




APPENDIX A: Calcium/Magnesium Raw Data 
 
 






100 99.864 0.5333 
200 201.587 0.8842 
300 296.483 1.0658 







Figure A1: Calibration curve for calcium run on a Varian AA240FS Fast Sequence Atomic 





























1 1-1 1.0176 266.041 1:1 266 
266 
2 1-1 1.018 266.262 1:1 266 
3 1-2 0.5395 101.232 1:10 1012 
1005 
4 1-2 0.5328 99.763 1:10 998 
5 1-3 0.5901 112.670 1:10 1127 
1118 
6 1-3 0.5829 111.012 1:10 1110 
7 1-4 0.6313 122.588 1:10 1226 
1230 
8 1-4 0.6347 123.417 1:10 1234 
9 2-1 0.5305 99.266 1:10 993 
986 
10 2-1 0.5243 97.928 1:10 979 
11 2-2 0.65 127.282 1:10 1273 
1276 
12 2-2 0.6529 128.013 1:10 1280 
13 2-3 0.5463 102.737 1:10 1027 
1018 
14 2-3 0.5381 100.917 1:10 1009 
15 2-4 0.6589 129.558 1:10 1296 
1281 
16 2-4 0.6476 126.662 1:10 1267 
17 3-1 0.5216 97.349 1:10 973 
963 
18 3-1 0.5122 95.330 1:10 953 
19 3-2 0.5104 94.952 1:10 950 
942 
20 3-2 0.5033 93.444 1:10 934 
21 3-3 0.5124 95.376 1:10 954 
948 
22 3-3 0.5068 94.193 1:10 942 
23 3-4 0.5643 106.753 1:10 1068 
1056 














            Table A3: Calibration data for magnesium analysis 
Standard 
(ppm) 
Concentration Reading (mg/L) Absorbance 
10 11.89 0.2778 
20 18.25 0.3758 
50 39.27 0.5589 






Figure A2: Calibration curve for magnesium run on a Varian AA240FS Fast Sequence 























1 1-1 0.2742 11.689 1:1 12 
12 
2 1-1 0.2751 11.738 1:1 12 
3 1-2 0.5133 32.171 1:1 32 
33 
4 1-2 0.5226 33.480 1:1 33 
5 1-3 0.5324 34.938 1:1 35 
36 
6 1-3 0.5403 36.155 1:1 36 
7 1-4 0.5849 44.306 1:1 44 
44 
8 1-4 0.5855 44.435 1:1 44 
9 2-1 0.4155 21.489 1:1 21 
22 
10 2-1 0.4167 21.520 1:1 22 
11 2-2 0.4784 27.791 1:1 28 
28 
12 2-2 0.4792 27.882 1:1 28 
13 2-3 0.4482 24.552 1:1 25 
25 
14 2-3 0.4487 24.601 1:1 25 
15 2-4 0.4884 28.974 1:1 29 
29 
16 2-4 0.4899 29.158 1:1 29 
17 3-1 0.4405 23.797 1:1 24 
24 
18 3-1 0.4441 24.149 1:1 24 
19 3-2 0.4354 23.300 1:1 23 
23 
20 3-2 0.4326 23.043 1:1 23 
21 3-3 0.4443 24.167 1:1 24 
24 
22 3-3 0.4457 24.303 1:1 24 
23 3-4 0.4654 26.342 1:1 26 
27 














APPENDIX B: Isotopic Raw Data 
 
Table B1:Raw data for isotopic analysis at The Ohio State University 
03-21-2008_CD_LRATERINK1           











1 3/22/2008 12135 1 1-1 -1.928 0.624 0.026 0.102 
2 3/22/2008 12136 1 1-2 -2.082 0.548 0.041   
3 3/22/2008 12137 1 1-3 -2.082 0.666 0.039   
4 3/22/2008 12138 1 1-4 -2.001 0.625 0.014   
5 3/22/2008 12139 1 1-5 -2.201 0.623 0.038   
6 3/22/2008 12140 1 2-1 -1.788 0.668 0.019 0.129 
7 3/23/2008 12141 1 2-2 -1.845 0.628 0.007   
8 3/23/2008 12142 1 2-3 -2.100 0.714 0.029   
9 3/23/2008 12143 1 2-4 -1.818 0.726 0.030   
10 3/23/2008 12144 1 2-5 -1.965 0.609 0.018   
11 3/23/2008 12145 1 3-1 -1.883 0.558 0.048 0.032 
12 3/23/2008 12146 1 3-2 -1.957 0.476 0.010   
13 3/23/2008 12147 1 3-3 -1.877 0.478 0.012   
14 3/23/2008 12148 1 3-4 -1.902 0.533 0.018   




Table B2: Standard data for isotopic analysis at The Ohio State University 
03-21-2008_CD_LRATERINK1                 






























1 3/21/08 12108 24 UPS-1B 0.079 5749 2.615 0.018 6.642 0.020 3.082 -1.486 
2 3/21/08 12109 24 UPS-1B 0.094 3989 2.616 0.029 6.640 0.030 3.083 -1.488 
3 3/21/08 12110 24 UPS-1B 0.080 6399 2.622 0.013 6.628 0.030 3.089 -1.500 



















O+SD Sc Sd Sc-SD Sc+SD Sd-SD Sd+SD 
1-1 0.624 0.554 0.694 35.5 35.7 35.1 35.9 35.3 36.1 
1-2 0.548 0.478 0.618 35.3 35.6 34.9 35.7 35.2 36.0 
1-3 0.666 0.596 0.736 35.5 35.8 35.1 35.9 35.4 36.2 
1-4 0.625 0.555 0.695 35.5 35.7 35.1 35.9 35.3 36.1 
1-5 0.623 0.553 0.693 35.5 35.7 35.1 35.9 35.3 36.1 
                    
2-1 0.668 0.598 0.738 35.6 35.8 35.2 36.0 35.4 36.2 
2-2 0.628 0.558 0.698 35.5 35.8 35.1 35.9 35.4 36.2 
2-3 0.714 0.644 0.784 35.6 35.9 35.2 36.0 35.5 36.3 
2-4 0.726 0.656 0.796 35.7 36.0 35.3 36.1 35.6 36.4 
2-5 0.609 0.539 0.679 35.4 35.7 35.0 35.8 35.3 36.1 
                    
3-1 0.558 0.488 0.628 35.3 35.6 34.9 35.7 35.2 36.0 
3-2 0.476 0.406 0.546 35.2 35.4 34.8 35.6 35.0 35.8 
3-3 0.478 0.408 0.548 35.2 35.5 34.8 35.6 35.1 35.9 
3-4 0.533 0.463 0.603 35.3 35.6 34.9 35.7 35.2 36.0 
3-5 0.514 0.444 0.584 35.2 35.5 34.8 35.6 35.1 35.9 
 
 











O+SD Tc Td Tc-SD Tc+SD Td-SD Td+SD 
1-1 0.624 0.554 0.694 14.2 13.6 13.6 14.8 13.0 14.2 
1-2 0.548 0.478 0.618 14.5 13.9 13.9 15.1 13.3 14.5 
1-3 0.666 0.596 0.736 14.0 13.4 13.4 14.6 12.8 14.0 
1-4 0.625 0.555 0.695 14.2 13.6 13.6 14.8 13.0 14.2 
1-5 0.623 0.553 0.693 14.2 13.6 13.6 14.8 13.0 14.2 
                    
2-1 0.668 0.598 0.738 14.0 13.4 13.4 14.6 12.8 14.0 
2-2 0.628 0.558 0.698 14.1 13.6 13.5 14.7 13.0 14.2 
2-3 0.714 0.644 0.784 13.8 13.2 13.2 14.4 12.6 13.8 
2-4 0.726 0.656 0.796 13.7 13.2 13.1 14.3 12.6 13.8 
2-5 0.609 0.539 0.679 14.2 13.6 13.6 14.8 13.0 14.2 
                    
3-1 0.558 0.488 0.628 14.4 13.9 13.8 15.0 13.3 14.5 
3-2 0.476 0.406 0.546 14.8 14.2 14.2 15.4 13.6 14.8 
3-3 0.478 0.408 0.548 14.8 14.2 14.2 15.4 13.6 14.8 
3-4 0.533 0.463 0.603 14.5 14.0 13.9 15.1 13.4 14.6 







APPENDIX C: Siliciclastic/Carbonate Raw Data 
Table C1: Raw data for clastic percent 
1-1 
   
1-2 
  Filter Paper without Sample 0.210 g 
 
Filter Paper without Sample 0.210 g 
Filter Paper with Sample 0.530 g 
 
Filter Paper with Sample 0.513 g 
Sample 0.319 g 
 
Sample 0.303 g 
Percent Clastic 31.93% 
 
Percent Clastic 30.28% 
1-3 
   
1-4 
  Filter Paper without Sample 0.210 g 
 
Filter Paper without Sample 0.210 g 
Filter Paper with Sample 0.591 g 
 
Filter Paper with Sample 0.610 g 
Sample 0.381 g 
 
Sample 0.400 g 
Percent Clastic 38.05% 
 
Percent Clastic 40.00% 
       2-1 
   
2-2 
  Filter Paper without Sample 0.210 g 
 
Filter Paper without Sample 0.210 g 
Filter Paper with Sample 0.544 g 
 
Filter Paper with Sample 0.641 g 
Sample 0.334 g 
 
Sample 0.431 g 
Percent Clastic 33.35% 
 
Percent Clastic 43.09% 
2-3 
   
2-4 
  Filter Paper without Sample 0.210 g 
 
Filter Paper without Sample 0.210 g 
Filter Paper with Sample 0.550 g 
 
Filter Paper with Sample 0.635 g 
Sample 0.340 g 
 
Sample 0.425 g 
Percent Clastic 34.01% 
 
Percent Clastic 42.51% 
       3-1 
   
3-2 
  Filter Paper without Sample 0.210 g 
 
Filter Paper without Sample 0.210 g 
Filter Paper with Sample 0.707 g 
 
Filter Paper with Sample 0.677 g 
Sample 0.497 g 
 
Sample 0.466 g 
Percent Clastic 49.65% 
 
Percent Clastic 46.65% 
3-3 
   
3-4 
  Filter Paper without Sample 0.210 g 
 
Filter Paper without Sample 0.210 g 
Filter Paper with Sample 0.655 g 
 
Filter Paper with Sample 0.689 g 
Sample 0.445 g 
 
Sample 0.479 g 
Percent Clastic 44.46% 
 













Table C2: Raw data for clastic mud percent 
1-1 
   
1-2 
  Filter Paper without Sample 0.210 g 
 
Filter Paper without Sample 0.210 g 
Filter Paper with Sample 0.263 g 
 
Filter Paper with Sample 0.289 g 
Sample 0.053 g 
 
Sample 0.079 g 
Percent Mud 5.25% 
 
Percent Mud 7.88% 
1-3 
   
1-4 
  Filter Paper without Sample 0.210 g 
 
Filter Paper without Sample 0.210 g 
Filter Paper with Sample 0.281 g 
 
Filter Paper with Sample 0.280 g 
Sample 0.071 g 
 
Sample 0.069 g 
Percent Mud 7.11% 
 
Percent Mud 6.94% 
       2-1 
   
2-2 
  Filter Paper without Sample 0.210 g 
 
Filter Paper without Sample 0.210 g 
Filter Paper with Sample 0.239 g 
 
Filter Paper with Sample 0.323 g 
Sample 0.028 g 
 
Sample 0.112 g 
Percent Mud 2.84% 
 
Percent Mud 11.22% 
2-3 
   
2-4 
  Filter Paper without Sample 0.210 g 
 
Filter Paper without Sample 0.210 g 
Filter Paper with Sample 0.239 g 
 
Filter Paper with Sample 0.255 g 
Sample 0.029 g 
 
Sample 0.045 g 
Percent Mud 2.92%   
 
Percent Mud 4.50%   
       3-1 
   
3-2 
  Filter Paper without Sample 0.210 g 
 
Filter Paper without Sample 0.210 g 
Filter Paper with Sample 0.266 g 
 
Filter Paper with Sample 0.278 g 
Sample 0.056 g 
 
Sample 0.068 g 
Percent Mud 5.61% 
 
Percent Mud 6.80% 
3-3 
   
3-4 
  Filter Paper without Sample 0.210 g 
 
Filter Paper without Sample 0.210 g 
Filter Paper with Sample 0.275 g 
 
Filter Paper with Sample 0.457 g 
Sample 0.065 g 
 
Sample 0.247 g 
Percent Mud 6.48%   
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